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Abstract 
Mutual separation of trivalent lanthanides (Ln) and actinides (An) is a challenging study in order to dispose 
effectively these metals in high-level radioactive liquid waste.   Both extractant and masking agent are used 
simultaneously in an extraction system.   The strong extractants, diglycolamide (DGA) and dioxaoctane-diamide 
(DOODA), and several kinds of the masking agents, were employed.   The four novel-synthesized 
aminopolyacetamide compounds, namely, nitrilotriacetamide (NTAamide), hydroxypropane-triacetamide 
(Citricamide), ethylenediamine-tetracetamide (EDTAamide), and diethylenetriamine-pentacetamide 
(DTPAamide), were also examined.   It can be seen that these compounds has more affirmative to heavy Ln than 
light ones and mutual separation factors by addition of these compounds are slightly high. 
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1. Introduction 
Trivalent lanthanides (Ln) and actinides (An) have high fission and production yield, then show the high 
concentration in high level radioactive liquid waste (HLW).   The different disposal methods for these metals, 
e.g., transmutation; Am, interim storage; Cm and geological disposal; Ln, are effective, therefore the mutual 
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separation is an important task to treat effectively following their own nuclear and physical properties.   The 
extraction condition in this research field is limited to nitric acid and n-dodecane, and phosphine oxides and 
diamides are promising so far.   Mutual separation of these metals is quite challenging study owing to their very 
similar chemical behavior, same oxidation state and similar ionic radii.    
Recently, the strong diamide-type extractants, diglycolamide and dioxaoctanediamide, for Ln and An have 
been reported[1-3].    DOODA(C8) (N,N,N’,N’-tetraoctyl-3, 6-dioxaoctanediamide) and TODGA (N,N,N’,N’-
tetraoctyl-diglycolamide) show the multidentate features with ether and amidic oxygen atoms in the central frame 
and can extract actinide ions from HNO3 with high acidity into n-dodecane, but accompanied with lanthanides.   
In addition, these diamides can be modified to the hydrophilic diamides by attaching short alkyl chain and 
utilized as the masking or stripping reagent[4-5].   These hydrophilic diamides have certainly high complexing 
ability with Ln and An in the aqueous phase. 
We try to use both hydrophilic and lipophilic diamides in an extraction system simultaneously in order to 
obtain the multiplier effect for separation of Am and Cm.   Previous study indicates the high separation factors 
for Am/Cm by lipophilic/hydrophilic DGA and DOODA extraction[5].   In this work, lipophilic DOODA and 
DGA are used as the extractant and some hydrophilic diamides are employed as the masking agents of An and 
Ln.   The available two diamides may show the opposite trend of light-heavy Ln complexation.   Therefore, 
observing the results of Ln complexation for each reagent, the good combination of hydrophilic and lipophilic 
diamides for Am and Cm separation are investigated.     
 
2. Experimental 
2.1. Organic synthesis of aminopolyacetamide compounds 
The organic synthetic methods for NTAamide, Citricamide, EDTAamide and DTPAamide (Fig. 1) were 
described below, NTAamide and citricamide can be synthesized from the condensation between NTA or citric 
acid and the secondary amine.   This reaction is proceeding under condensation reagent, water soluble 
carbodiimide and 1-hydroxybenzotriazole.   EDTAamide and DTPAamide are synthesized from the initial 
compounds, ethylenediamine or diethylenetriamine and diethylacetamide chloride.   This reaction needs 
triethylamine as the scavenger of chloride.   These amide compounds can be purified by the silica-gel column 
chromatography.   These organic synthetic methods were found by Wako-Pure Chemical Industries, LTD.    
 
2.2. Reagents used 
   The chemical reagents purchased for the masking agents are shown in Fig. 2.    Other reagents used in these 
experiments were in analytical grade and used without further purification.    
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Fig. 1  Structures of 4 kinds of aminopolyacetamides 
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䐫 Citricacid 䐬 nitrilotriacetic acid
䐣 2,6Ͳpyridinedicarboxamide 䐤 N,N,N’,N’Ͳtetraacetylethylenediamene
䐥 N,NͲbis(aminopropyl)Ͳ
methylamine
䐦 2,3Ͳdiaminopropionicacid
monohydrochloride
䐧 Diethylenetriamine 䐨 5ͲformylͲ2Ͳfurancarboxylic
acid 䐩 oxalicacid 䐪 iminoͲ
bis(jiethylacetamide)
䐟 2,6Ͳdiacetylpyridine
䐠 Furfuryl acetate
䐡 2Ͳfuroichydrazine 䐢 5ͲHydroxymethylͲ2Ͳ
furaldehyde
 
Fig. 2  Structures of commercial available reagents 
2.3. Solvent extraction method 
A certain volume(0.5-1 ml) of the organic phase was taken in an extraction tube with an equal volume of an 
aqueous nitric acid solution (+masking agent) spiked with 10 ȝl of radioactive tracer solution (Am or Cm) or Ln 
standard solution.   The extraction tube filled with two phases was shaken mechanically for 30 min at 25 + 0.1 
oC.   After centrifugating and separating both phases, the duplicate 0.50 ml aliquots were taken and their 
activities were measured by liquid scintillation counter (Tri-Carb 1600 TR, Packard Instrument Company) for 
241Am, and 244Cm with 5 ml of PICO-AQUA cocktail.   The amounts of non-radioactive metal ion in the sample 
solutions prepared from both phases were measured by ICP-MS (SPQ 9200, Seiko-EG & G).   Distribution ratio 
(D) and separation factor (SF) for each metal are obtained from the ratios [M]org/[M]aq and (D(M)/D(M’)), 
respectively.    
3. Results and discussion 
3.1. Solubility in water and extraction ability for Eu by reagents in Fig. 2 
Solubility test and solvent extractions were  performed using the reagents of the commercially available.   The 
solubility in water and the results of D(Eu) are shown in Table 1.   Here, reagents (No. 1, 2, 5 and 6) have low 
solubility into HNO3 in Table 1 and were hardly used in these experiments.   The condition, 0.1M TDdDGA/n-
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dodecane and 1M HNO3 without water-soluble reagent, gives approximate 100 of D(Eu).   In case D(Eu) 
decreases considerably with the reagent in Fig. 1, it is obvious that the reagent has a certain  
masking effect for Eu.   From Table 1, all D(Eu) values are fairly high even with the enough high 
concentration of reagents dissolving in the aqueous phase, it is clear that these reagents have low ability for 
complexation with Eu at nitric acid.    
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3.2. Complexing ability of aminopolyacetamide reagents 
Aminopolyacetamide compounds synthesized in this work were employed in the solvent extraction using 
DGA or DOODA extractants.   Here, these reagents have high solubility in water and we can prepare the aqueous 
solution of over 0.5M reagent in HNO3.   The results of solvent extraction were shown in Fig. 3(NTAamide), 
4(citricamide), 5(EDTAamide) and 6(DTPAamide), respectively.    
   Fig. 3 shows the relationship between D(Ln) and their atomic numbers by TDdDGA(a) and DOODA(b) 
extractants.   From these figures, D for heavy Ln is lower than that without NTAamide and also these values 
decrease with NTAamide concentration.   It is obvious that NTAamide has high complexing ability with heavy 
Ln.   On the other hand, variation of D for light Ln is smaller, then NTAamide has lower masking effect than that 
with heavy Ln.   Fig. 4-6 show the results of D(Ln) using citricamide, EDTAamide and DTPAamide in the 
aqueous phase.   All D values decrease gradually with amide concentration, which suggests a certain masking 
effect on Ln for these reagents.   As shown in Fig. 4(a), 5(a) and 6(a), the flat pattern between D(Ln) and their 
atomic numbers in TDdDGA extraction system can be seen at high water-soluble amide concentration, which 
leads the difficulty of mutual separation of Ln.   On the contrary, the gradual decrease of D with their atomic 
number can be still seen at high water-soluble amide condition in DOODA extraction system (Fig. 4(b), 5(b), and 
6(b)).   These results suggest that the aminopolyacetamides may show the strong complexing ability with heavy 
Ln, and the combination of NTAamide or citricamide and DOODA extractant expects the multiplier effect of 
separation of Am and Cm as well as Ln.   Nd and Sm have more similar chemical behavior with Am and Cm than 
any other Ln, due to similar ionic radii [6].   The trend of complexing ability of  
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Fig. 3  Relationship between D(Ln) and atomic number of Ln 
(a): 0.1M TDdDGA/n-dodecane and 1M HNO3 with NTAamide, (b): 0.3M DOODA(C8)/n-dodecane and 3M HNO3 with NTAamide 
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Fig. 4  Relationship between D(Ln) and atomic number of Ln 
(a): 0.1M TDdDGA/n-dodecane and 1M HNO3 with citricamide, (b): 0.3M DOODA(C8)/n-dodecane and 3M HNO3 with citricamide 
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Fig. 5  Relationship between D(Ln) and atomic number of Ln (a): 0.1-0.3M TDdDGA/n-dodecane and 0.5M HNO3 with EDTAamide,  
(b): 0.2-0.3M DOODA(C8)/n-dodecane and 3M HNO3 with EDTAamide 
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Fig. 6  Relationship between D(Ln) and atomic number of Ln; (a): 0.1M TDdDGA/n-dodecane and 1M HNO3 with DTPAamide, 
 (b): 0.2M DOODA(C8)/n-dodecane and 3M HNO3 with DTPAamide 
 
Ln by these amides is determined from the results of the same condition as citric amide ı NTAamide > 
EDTA amide > DTPA amide, which suggests that simple structure may have more complexing ability than the 
complicated one due to probably their steric hindrance.   Table 2 shows SF(Am/Cm) values using 
aminopolyacetamide and extractant (TDdDGA or DOODA).   Extraction systems, aminopolyacetamide and 
DOODA(C8), showhigh SF(Am/Cm), compared to condition without water-soluble 
diamide (SF= 1.62), which indicates that these amide compounds play a important role in enlargement of SF 
values.    
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